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EXPANDABLE SLOTTED TUBING STRING AND METHOD FOR CONNECTING SUCH A TUBING STRING 

This invention relates to a connector. and in 
particular to a connector forming part of an expandable 
tubing assembly. The invention also relates to a' method of 
connecting lengths of expandable tubing. 

WO93\25800 describes expandable tubing defining 
overlapping longitudinal slots. On expansion of the 
tubing, by pushing or pulling a mandrel through the tubing, 
the slots expand to form diamond-shaped apertures. The 
expansion is accommodated by deformation of the fingers of 
metal between the slots, this deformation taking place 
predominantly at the slot ends, and also by circumferential 
extension of the parts of the tubing wall beyond the slot 
ends. In expandable tubing developed by the applicants 
radial expansion is achieved with the parts of the tubing 
wall between and beyond the slot ends experiencing little 
if any deformation, these parts being known as the tubing 
"nodes" . 

Arrangements for connecting lengths of slotted tubing 
are disclosed in W096\37S87 and WO97\21901. the disclosures 
of which are incorporated herein by reference. Both of 
these documents describe arrangements in which the end of 
one length of tubing defines a male coupling portion which 
is received within a female coupling portion on the other 
length of tubing and attached thereto. 

In another coupling arrangement, the ends of the 
tubing lengths are received within an external coupling 
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sleeve. However, it has been found ^ 
expansion, the sleeve contracts radially by a signif icanc 
extent; this creates a restriction in the bore defined by 
the tubing. 

According to the present invention there is provided 
a method of connecting lengths of expandable tubing 
defining overlapping longitudinal slots, the method 
comprising: 

providing a tubular connector defining overlapping 
longitudinal slots and comprising end portions ; 

Providing lengths of expandable tubing defining 
overlapping longitudinal slots and having end portions 
defining nodes between and beyond the ends of the slots; 
and 

connecting the connector end portions to nodes of 
respective end portions of the tubing lengths. 

According to another aspect of the present invention 
there is provided an expandable tubing assembly comprising: 

a tubular connector defining overlapping longitudinal 
slots and comprising end portions,- 

lengths of expandable tubing defining overlapping 
longitudinal slots and having end portions defining nodes 
between and beyond the ends of the slots; and 

the connector end portions being coupled to the nodes 
of the respective end portions of the tubing lengths. 

The formation of the connections between the connector 
end portions and the nodes of the tubing end portions 
provides for a relatively secure connection. Preferably, 
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the connect end portions and che nodes of the tubing end 
portions are threaded, and the absence of Slgnificanc 
delation at the nodes facilities maintenance of , 
secure connection on expansion of the tubing lengths and 
the connector. 

Preferably also, the connector further comprises an 
intermediate portion selected to be of corresoonding 
configuration to the tubing lengths, such that the 
expansion characteristics of the connected tubing assembly 
will be substantially constant over the connection. 

Preferably also, each connector end portion defines a 
slot to receive a corresponding tongue provided on the 
respective tubing length end portion. 

According to a further aspect of the present invention 
there is provided an expandable tubing assembly composing: 
a tubular connector defining overlapping longitudinal 
slots. the connector comprising end portions and an 
intermediate portion; and 

lengths of expandable tubing defining overlapping 
longitudinal slots and having end portions coupled to the 
connector end portions, 

at least the connector intermediate portion being of 
corresponding configuration to the tubing lengths, such 
that the expansion characteristics of the intermediate 
portion and the tubing lengths correspond. 

This aspect of the invention provides a connector 
which expands in a compatible manner to the adjacent tubing 
and thus facilitates reliable expansion of an expandable 
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tubing string. 

According to still furthfir ^ ^ ^ 
invention there is provided an arrangement for coupUng 
lengths of expandable tubing. the arrangenient comprising a 
sleeve defining overlapping longi tudinal slots ^ ^ 
second tubing lengths defining overlapping longitudinai 
slots, in use the sleeve and tubing l engths being radially 
expandable bv deformation of f ingers of material ^ 
adjacent circumf erent.ally spaced slots overlap, and 
connecting means for connecting the sleeve to the ends of 
the tubing lengths, -.he deforce f ingers of the ^ 
being axiallv spaced from the endmost deferable fingers of 
the respective tubing lengths. 

in use, on expansion of the tubing lengths and the 
sleeve, the defecation of the sleeve fingers wilI taJce 
Place following the deformation of the endmost fingers of 
the first tubing length and prior to the deformation of the 
endmost fingers of the second tubing l.ngth. It has been 
found that, following expansion, there is uttle or no 
diametral shrinkage of the sleeve, and the force 
necessary Co expand the coupled tubing ends is 
approximately half that required tQ expand ^ ^ 

coupled with a sleeve in which there is substantial overlap 
between the sleeve and the tubing ends. 

The invention also relates to a method for coupling 
the ends of f irst and second lengths Qf sxpandable 

derxnxng overlapping longitudinal sloes and deformable 
fingers of material where adjacent circumf erential ly spaced 
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slot. oven.,. cha „„ prlsing ^ sceps ^ 

slots and deformable finaerq ^ 

ringers of material where adjacent 
oircumf.rentialXy spaced slot, overlap- 

ooupli„ g the slaave to the o£ £irsc 

X-W- of expandable tubing such thac 

S 7 "-^-^r spaced thB end „ ost 

of the tubing lengths, and 

forcing ,„ ejtpansio „ ^ thtough 

tubing lan9ths to expa „ d che an<j ^ 

<" — herein. tha tat „ ^ u 
encompass sZots „ htch ^ ^ ^ ^ 

sleeve and tubing. slocs „ hic „ ^ ^ ^ ^ 
the waua and ,„ y crh.r appropriate vea|[enlng o£ ^ 
such as lines of bores or scallops. 

Preferably. the colmectin9 ^ ^ ^ 

circumferentiaUy spaced iooations at the end of the tubing 
lengths beyond the end^st tubing fl n gar , and „ e ^ 
Of the sieeve beyond the respective end^st tubing f lnge „ 
The connecting means may comprise pins, rivets, screus and 
the U*e for location in approprlats aligned bores provided 
ir. th. sleeve and cuM „ 3 le „ 5tha ^ ^ 

provided beyond eaoh tubing f ingar . or „ ultiple & 
may be provided. 

Preferably also, the unexpended sleeve is of Ur 9 ,r 
diameter than the tubing lengths. „ ost p „ £ „. bly ^ 

sleeve and che Cubing length are * 

y engcn are each of subsCancially 
conscanc diameter along cheir lengch. 
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„ , scill (u „ bar „ pact ot che 

invention there is D mvi^ 

Provided an arrangement for coupling 

lengths of expandable tubinq the 

. . 9 ' he arran Sement comprising a 

tuning lengths being raduny expandabie ^ ^ 

*" ° £ ™ aC " 1 ' 1 " h " e «™ferenti,lly spaced 

sloes overlap. ,„ d coni>ecti „ g ^ ^ 

sleeve to the ends of the tubing lengths. 

extending strips o£ „„ al . ^ ^ 

rectilinear, on expansion, the strips of che ^ 
radially outwardly and sapa „ te clrcum£ereiit . 
mitiaUy. that is prior to expansion, the strips ^ ^ 

oirout.ferenul.Uy connected, by frangible Unxs such ,s 
»s bs of Serial or one or oore velds, to facilitate 

sleeve handling. 

The invention further relates to a method for coupling 
the ends of f irst and second lgngthg Qf ^ ^ 

defining overlapping longitudinal slots and deformable 
angers of material where adjacent circumf erentiallv spaced 
slots overlap, the method comprising the steps of: 

providing a sleeve comprising longitudinally extending 
strips of material; 

coupling the sleeve to the ends of first and second 
lengths of expandable tubing; and 

forcing an expansion member through the connected 
tubing lengths to expand the sleeve and tubing lengths. 
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lengths b eyo„ d ch . e„ dmost tubing ^ ^ ^ ^ 
Of th. sleeve. The connectl „ 9 „ eMs My c ^ risa 

ll3 nea noses provided in cne sUeve cuMn9 ien9ths 

•x*. fasteners „ay be provided beyond each tubing 
or .ulupte fasteners nay be provided. 

Preferably also. the unexp , nded ^ ^ ^ 

diameter than the tubina i ena t-hc 

Ding lengths. Most preferably, the 

sleeve and the tubing length are M ,-v, * 

ngtn are each of substantially 
constant diameter along their length. 

These and other aspects of the present invention ^ 
now be described, by way of example. with reference tQ 
accompanying drawings, in which: 

Figure 1 is a sectional view of a length of expandable 
tuoxng, shown in an expanded configuration; 

Figure 2 is a sectional view of an expandable tubing 
assembly in accordance with a first embodiment Qf ^ 
present invention; 

Figure 3 is a schematic plan view of an arrangement 
for cou P l ing lengths Qf expandable tub . ng ^ accQrdance 

with a second embodiment of the present invention,- 
Figure 4 is a sectional view of Figure 3; and 
Figure 5 is a schematic plan view of an arrangement 
for coupling lengths of expandable tubing in accordance 
wich a third embodiment of the present invention; 

Reference is first made to Pi gure x of che drawings 
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which illustrates a i~«~«-u * 

«• » l«n S Eh of ex pana , bu tubi „ g 1() ^ i 

i-tui co» £iguration . the tubi „ g 10 u aimpiy m u ^ ^ 
P,pe u „ hl c„ . serias of longitudi „ al slocs ^ ^ 
-chi~4. Applying . „ dlaUy outmrd force ^ ^ _ 

»u. b y eassing . mandrel chrough che cubing ^ ^ 

shaped openings . 

The C ub ing 10 is supplied iB lengths suitafaie 

transportation and handling and CheS e are jo ined to one 
ano Cher on surface to create . tubular ^ ^ 

3SSembly " in Kigure 2 of the 

lengths of expandable tubing 10 to be connected to for. . 
string, as will now be described. 

The assembly 14 comprises a tubular connector 16 
defining overlapping longitudinal slots is. the connector 
16 comprising end portions 20. 21 and an intermediate 

the connector 16 , buc che only glot overiap ^ ^ ^ 

intermediate portion 22. 

The connector 1S is utilised CQ join ^ ^ ^ ^ 

lengths of expandable tubing 24 , 25 . the ends of wh±ch ^ 
adapted to engage with the connector end portions 20. 21 as 
described below. 

The connector intermediate portion 22 is of 
substantially the same wall thickness as the tubing 24 25 
however the connector end portions 20. 21 are upset, that 
» they include portions of greater wall thickness than che 
-bing 24. 25 and are of a greater diamecer chan the cubing 
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24, 25. The inner walls of each connector end portion 20 
2! define threads 26, 27 for engaging corresponding threads 
28, 29 on the outer surface of che tubing 24, 25. Inwardly 
of the threads 26, 27 the end portions 20 , n define 
grooves 30, 31 Co receive corresponding tongues 32, 33 
provided on the ends of the tubing lengths 24, 2S . 

As noted above, the connector slots 18 only overlap in 
the intermediate portion 22, such that on expansion Qf chg 
connector 16 and the tubing lengths 24, 25 the connector 16 
is only subject to significant deformation in the 
intermediate portion 22, at and adjacent the slot overlap 
34. The amount of deformation is substantially lower in 
the rest of the connector 16, particularly in the "nodes" 
36 between the ends of the longitudinally aligned slots 18. 
The tubing lengths 24, 25 feature nodes 38 between ad 
beyond the ends of the tubing slots 12 and the tubing 
threads 28, 29 are formed on the end most tubing nodes. 

In use, the tubing lengths 24, 25 are connected by 
first making up the connector 16 to one tubing length 24, 
and then making up the second tubing length 25 to the other 
end of the connector 16. a number of tubing lengths are 
connected in this way to form a tubing string, which is run 
into a wellbore. Once in a desired position, an expansion 
mandrel is run through the tubing string, and radially 
extends the connector 16 and the rubing lengths 24, 25. In 
doing so, the connector slots 18 and tubing slots 12 are 
expanded to define diamond shaped openings. as are 
illustrated in Figure 1. As described above the connector 
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,s only subjecc to subscancial deformacion at gioc 
overlaps 34, such cha C Che metal of the slot end portions 
20. 21 1S subject to minimal deformation. As the 

deformation of the metal of »-v,« 

ne metal of the connector occurs primarily 

» the intermediate portion 22 . which is Qf correspQnding 
dimeter and thicxness to the tubing M> 25 , Che expansion 
Properties of the connector 16 are similar to the tubin g 
24. 25, such that the connector 16 and tubing lengths 24 
25 wxll expand in corresponding and predictable manner 
mxn.mising the occurrence of irregularities in the internal 
diameter of the expanded tubing string. 

From the above description it will be apparent to 
those of sicill in the art that the assembly 14 provides a 
convenient means for connecting expandable tubing lengths 
It is recognised that, for some applications, users may 
prefer to include coupling means between the connector end 
portions and the tubing lengths in addition to the thread 
connection, and in such cases screws, rivets, pins or the 
like may be provided to extend between the end portions 20, 
21 and the tubing lengths 26, 27. 

Reference is now made to Figures 3 and 4 of che 
drawings which will i Uustrate an arrangement 5Q ^ 
connecting f irst and second lengths ^ ^ ^ 

tubing utilising an expandable sleeve 56 secured to the 
ends of the tubing lengths 52, 54 by screws 58. The tubing 
walls 60. 61 and the sleeve wall 62 define overlapping 
longitudinal slots 64, 65, 66. Expansion of the tubing 
lengths 52. 54 and che sleeve 56 is accommodated by 
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deformation of fingers of macerial gj} ^ jq ^ ^ 
slots 64, 65, 66 overlap, and following deformation the 
slots 64, 65, 66 define diamond- shaped apertures. During 
expansion there is i ictle or no Qeformation of ^ ^ 
72, 73, 74 between the longitudinally spaced slots 64, 65, 
66, and the screws 58 pass through bores in the endmost 
-des 72, 73, 74 of the tubing lengths 52, 54 and the 
sleeve 56, at the ends of the tubing lengths 52, 54 and 
sieeve 56. Thus, the endmost deformable f ingers of the 
tubing lengths 68, 69 are axially spaced from thfi endmost 
fingers of the sleeve 70. 

In use, the tubing lengths 52, 54 and sleeves S6 are 
shipped in disassembled form. The tubing lengths 52, 54 
are made up on surface as the tubing is fed into the bore 
in which the tubing is to be utilised. m particular, the 
ends of the tubing lengths 52, 54 are located i„ the 
respective ends of the sleeve 56. The screws 58 are then 
located and tightened in the screw bores. A number of 
tubing lengths are made up to provide the desired length of 
tubing and the assembled tubing run into the bore. On 
reaching the desired location downhole, the tubing is 
anchored in place, and an expansion cone then pushed or 
pulled through the tubing. The cone expands the tubing 
length 52, 54 radially outwards such that, as mentioned 
above, the slots 64, 65, 66 become diamond- shaped, with the 
expansion being accommodated by deformation of the fingers 
68, 69, 70. The sleeve 56 deforms in a similar manner to 
the tubing, lengths 52, 54. On moving through the 
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amWt 5 °' ~™ <~ aeforms, in curn che 

endmost f ingers 68 of the first tubing h - 

^Ob at the second end of the sleeve ^ ^ ^ 
6ndmOSC fingSrS 69 ° f «*• second tubing length 54 

in testing it has been found that the f orces' requ ired 
to expand the connecting arrangement SO are the same 0 . 
only slightly higher than the forces reguired to expand the 
tubing lengths 52. 54. Also, the expanded sleeve S 6 tends 
to retain its expanded for., and suffers little or no 
dia.etr.cal shrinkage after the expansion cone has passed 
chrough the sleeve St. Thus, the p.esent invention avoids 
the difficulties experienced with previously p r0 p 0 sed 
sleeve connectors. Furth er. the connection arrangement SO 
» less expensive to produce than the male\female 
connectors as described in W09 S \37 68 7 and WO97\ 21901 
Reference is now mad e. to Figure 5 of the 

which illustrates an alternative arrangement UO for 
connecting f irst and secon<J lengths ^ ^ ^ 

tubing utilising an expandable sleeve 116 secured to che 
ends of the tubing lengths ll 2 , 114 by screws ^ 
-bing walls define overlapping longitudinal slots 124 
X2S. However, unlike the first described embodiment, the 
sleeve wall is formed of individual longitudinally 
extending strips »«. Expansion of che ^.^ ^ 

114 and the sleeve i 1S U accommodated by deformation of 
angers of material l 28 . 129 where ^ ^ ^ ^ 
overlap, and circumferential separation of the sleeve 
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strips 12S . Pollowlng de£otra „ ion ch> sio(s im ^ 
de£i„ to «* reJ apertures . D „ ing expins . on there u 
liltl. or „o d. fo « ll0D o£ che nod „ ^ 

pass through bores in t|)e endmosc ^ ^ ^ o{ ^ 
tUbi " 9 len9ChS 112 • 111 - "» — of th. sleevs scrips 

126. 

it wm furcher be apparenc co chQse Qf ^ 

art that the above-described embodiment is merely exen.olary 
of th. present invention, and that various 
and improvements may be made thereto, without deoarting 
from che scope of the present invention. 
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1- An expandable tubing assembly comprising: 

a tubular connector defining overlapping longitudinal 
slots and comprising slotted end portions; and 

lengths of expandable tubing defi ni ng overlapping 
longitudinal slots and having slotted end portions defining 
nodes beyond the ends of the slots, che connector end 
Portions being coupled to the nodes of respective end 
portions of the tubing lengths. 

2- The assembly of claim l. wherein the connector end 

portions and the nodes of the tubino 

une cumng end portions are 

threaded. 


3 


The assembly of claim l or 2, wherein the tubular 
connector further comprises an intermediate portion between 
che end portions. 


4. The assembly of claim 3, wherein the slots extend over 
the whole length of the connector, slot overlap occurring 
only in the intermediate portion. 

5- The assembly of claim 3 or 4 wherein the intermediate 
portion is of corresponding configuration of the tubing 
lengths, such that the expansion characteristics of the 
connected tubing assembly are substantially constant over 
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the connection. 


ince™ ediate po rtion u o£ sub5t ,„ ciaUy ^ ^ ^ 
chicKness o£ the tublng and „ hetein conne<:tor 
portions are upset. 

7. The assembly of claim s wherein each connector end 
Portion defines an internal thread for engaging a 
corresponding thread on an outer surface of the respective 
tubing end portion. 


8. The assembly of any of the preced . ng cia . ms 
the connector end portions define grooves to receive 
corresponding tongues provided on the tubing length end 


portions . 


9. A method of connecting lengths of expandable tubing 
defining overlapping longitudinal slots. the method 
comprising: 

providing a tubular connector defining overlapping 
longxtudinal slots and comprising end portions; 

prov iding lengchs Qf expandable tub . ng defin . ng 

overlapping longitudinal slots and having end portions 
defining nodes beyond the ends of the slots; and 

connecting the connector end portions to the nodes of 
respective end portions of the tubing lengths. 
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An expandable tubing assembly comprising: 
a tubular connector defining overlapping longitudinal 
slots, the connector comprising end portions and an 
intermediate portion; and 

lengths of expandable tubing defining overlapping 
longitudinal slots and having end portions coupled to the 
connector end portions, at least the connector intermediate 
portion being of corresponding configuration to the tubing 
lengths, such that the expansion characteristics of the 
intermediate portion and the tubing lengths correspond. 

11. An arrangement for coupling lengths of expandable 
tubing, the arrangement comprising a sleeve defining 
overlapping longitudinal sloes, first and second tubing 
lengths defining overlapping longitudinal slots, in use the 
sleeve and tubing lengths being radially expandable by 
deformation of fingers of material where adjacent 
circumferentially spaced slots overlap, and connecting 
means for connecting the sleeve to the ends of the tubing 
lengths, the deformable fingers of the sleeve being axially 
spaced from the end most deformable fingers of the 
respective tubing lengths. 

12. -The arrangement of claim 11, wherein the connecting 
means are provided at circumferentially spaced locations at 
the end of the tubing lengths beyond the end most tubing 
fingers, and at the ends of the sleeves beyond the 
respective end most tubing fingers. 
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13. The arrangement of claim li or 12, wherein the 
unexpanded sleeve is of larger diameter than the tubing 
lengths . 


14. The arrangement of claim 13, wherein the s l eeve and 
the tubing lengths are each of substantially ' constant 
diameter along their length. 

15. A method for coupling the ends of first and second 
lengths of expandable tubing defining overlapping 
longitudinal slots and deformable fingers of material where 
adjacent circumferentially spaced slots overlap, the method 
comprising the steps of: 

providing a sleeve defining overlapping longitudinal 
slots and deformable fingers of material where adjacent 
circumferentially spaced slots overlap; 

coupling the sleeve to the ends of first and second 
lengths of expandable tubing such that tne fingers of the 
sleeve are longitudinally spaced from the end most fingers 
of the tubing lengths; and 

forcing an expansion member through the connected 
tubing lengths to expand the sleeve and the tubing lengths. 

16. An arrangement for coupling lengths of expandable 
tubing, the arrangement comprising a longitudinally slotted 
sleeve. first and second tubing lengths defining 
overlapping longitudinal slots, in use the tubing lengths 
being radially expandable by deformation of fingers of 
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material where adjacent cxrcumf erentially spaced 
overlap, and connecting means for connecting the sleeve 
the ends of the tubing lengths. 


slots 
to 


17. The arrangement of claim 16, wherein the sleeve is 
formed of longitudinally extending strips of metal. 

18- The arrangement of claim 17, wherein the strips are 
rectilinear. 

19. The arrangement of claim 17 or 18, wherein the strips 
are initially circumf erentially connected by frangible 
links. 


20. A method for coupling the ends of f irst and second 
lengths of expandable tubing defining overlapping 
longitudinal slots and deformable fingers of material where 
adjacent circumf erentially spaced slots overlap, the method 
comprising the steps of: 

providing a sleeve comprising longitudinally extending 
strips of material; 

coupling the sleeve to the ends of first and second 
lengths of expandable tubing; and 

forcing an expansion member through the connected 
Cubing lengths to expand the sleeve and tubing lengths. 
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